This paper has proposed a power quality monitoring system on the detection of power disturbance in real-time by using an embedded system. It can be controlled and monitored by its function via Ethernet network. This system has been developed to monitor and detect any disturbance signals in power lines. If any phase in the power lines has disturbance, the monitoring system will store the fault data into the chosen memory card. This developed system can allow users to control and receive data from the remote hardware via Ethernet network by using UDP and TCP/IP protocol. To transfer the disturbance file that has been stored in the memory card to PC, the embedded TFTP server is applied in this step. There are some advantages of using the developed application software: it can control the power quality monitoring hardware which being installed at the remote sites; can display the detected fault data in the waveform; and also can connect to the various number of the monitoring hardware.
INTRODUCTION
The quality of electric power has become an important issue for electric utilities and their customers. One of the main problems manufacturing industries is now facing are disturbances in the electrical supply. This power quality problem interrupts the sensitive manufacturing devices and results in very expensive consequences. To improve the electric power quality, sources of disturbances must be known and controlled. Therefore, there is a need for a power quality measurement system that can be used to perform quick and reliable power quality monitoring (IEEE Standards, 1159 . In many cases, the monitoring system ends up in massive power quality data which makes analysis difficult. Therefore, the development of automatic tools for classification of the measured data is required to help engineers to have clear understanding of *Corresponding author. E-mail: suttic@gmail.com. what is happening in their power lines.
There are many researchers who have used the different methods to measure power quality disturbances. For example, Tang et al. (2009) ; Huping and Zhipeng (2009) ; Dwivedi and Singh (2010) have developed a power quality monitoring system based on virtual instrument using Labview. Chen et al. (2011) have implemented a power quality monitoring system using dual microprocessor. Dugan et al. (2002) and Baggini (2008) have used the power quality measurement while other researchers have used various protocols to control the system (Auler and d'Amore, 2002) . Others have presented the data acquisition based on PC (Batista et al., 2003) , Power Line Communication (Hong et al., 2005) or TMS320CV5416 DSP Processor (Rahim and Zuri, 2005) .
Another researcher has applied ARM and DSP processor (Yang and Wen, 2006) , DSP and GPRS (Shao, 2011) or has only applied DSP processor (Mindykowski and Tarasiuk, 2010) . Tang et al. (2010) and Yi et al. (2010) have proposed the distributed power quality on-line monitoring system based on GPRS or using the industrial computer (Chen et al., 2010) . Salem et al. (2006) monitor power quality in real time. In the meantime, the detecting fault signals of power fluctuation in real time and a power quality monitoring for real-time fault detection using real-time operating system (RTOS) are proposed (Yingkayun and Premrudeepreechacharn, 2008) , (Yingkayun et al., 2009) and the low cost power quality monitoring system is suggested (Artioli et al., 2004) , (Auler and d'Amore, 2009 ) and (So et al., 2000) . In addition, Lakshmikanth et al. (1998) and Zhang et al. (2011) have proposed the real-time for classifying the power quality disturbances. This paper has developed the power quality monitoring system based on the embedded system with network monitoring. The power quality monitoring on the embedded system can acquire the voltage, the status and the line frequency. It can send them via network in real-time, can operate as standalone equipment and can display the fault signals of power fluctuation in real time. In addition, the fault signal will be stored in the memory card and can be downloaded automatically by using TFTP command and can display the fault waveform on personal computer (PC) later. When working in different places, we can establish the network in various sites and connect via the Ethernet network from a single PC or laptop. The network has the capability to send from the board site to the PC or laptop with high speed up to 100 megabit per second (Mb/s).
POWER QUALITY MONITORING SYSTEM ARCHITECTURE
The architecture of the power quality monitoring system is planned for specific purposes which are to detect, store, download and display the fault waveform at real time or whenever desired. The architecture of the power quality monitoring system is divided into 3 circuit boards as shown in Figure 1 . The microcontroller board has been chosen with the aim to implement a real-time power quality analyzer, with high flexibility, which allows the monitoring disturbances, with modular communication capability coupled with a low cost. The monitoring hardware uses 2 high speed microcontroller boards to implement following the concept of power quality monitoring. The LPC2368 microcontroller board is used to detect the fault signals, store fault data in the chosen memory card: SD-CARD or SDHC-CARD (4GB) and also communicate with PC or laptop via the Ethernet network. LPC2368 is an ARM7TDMI-S based high-performance 32-bit RISC Microcontroller. While the ADUC7024 microcontroller board is used to do the sampling process and to write the samples into the memory buffer. ADUC7024 is an ARM7TDMI based controller. The function of the ADUC7024 microcontroller is to do the sampling of the voltage on power lines by using the A/D circuits which are embedded to the ADUC7024. After the sampling process, the ADUC7024 will write the sampling data to the memory buffer. As the sampling data is a raw A/D one, it must be packed into data frame.
The 3-phase AC voltages are attenuated by the attenuation circuits before getting into the ADE7758 and the signal conditioning circuits. The ADE7758 is programmed to detect the sag voltages in power lines when the absolute value of the voltage in any phase drops below a certain peak value. Other functions of the ADE7758 can be programmed to detect the over voltage when the line voltage or current exceeds the specific value. But however, the ADE7758 is connected directly to the power line. It is necessary for the optocoupler circuits to isolate the interfacing between the ADE7758 and the LPC2368 microcontroller. When the line voltage of any phase drop, the ADE7758 will generate the interrupt signal (active low output) to the LPC2368 microcontroller board. After that the LPC2368 will read waveform samples from memory buffer (AL440B FIFO memory) and store fault files into the memory card selected in the form of FAT16 or FAT32 file format. The PC can get fault files that are stored in the memory card mentioned from the power quality monitoring hardware via Ethernet network. The PC must send a request command to that hardware by using UDP and TCP/IP protocol. The user has to set the IP and the port of the monitoring hardware in order to open the socket for communication. After the socket has been opened, the monitoring hardware can receive the command from the PC and send the display information such as 3-phase voltages and frequency, lines status, monitoring status, current time and date to PC. The developed power quality monitoring hardware which is applied has the architectural structure as shown in Figure 2 .
The block diagram of the connection of the monitoring hardware and the PC is shown in Figure 3 .
Embedded software
The embedded software is the explanation in a form of the flowchart of the monitoring process in the power quality monitoring system, consisting of the analog to digital architecture, the sampling process, the power quality monitoring process, data frame, configuration data and the Ethernet packet structures.
ANALOG TO DIGITAL ARCHITECTURE
The using of ARM7 microcontroller (ADUC7024) which is integrated with 12-bit data acquisition system with 6-channel ADC to convert the analog signal from power lines to digital signal for sending to the memory buffer (AL440B). The ADUC7024 is programmed to get the A/D data from ADC0 to ADC5 then packed and sent to the memory buffer via general purpose I/O. The analog to digital architecture block diagram is shown in Figure 4 . 
Sampling process
The flowchart of the sampling process is to illustrate how the direction procedure works ( Figure 5 ).
After the used registers and utilized variables have been initialized, the procedures will operate according to the conditions. That is, if the sampling condition is on operation, the procedure will do the A/D sampling of the 6 1284 Sci. Res. Essays channels with the sampling rates at 16.48 kHz for each. The next procedure is to write the digital sampling data which are packed in the form of data frames to the memory buffer. But if the counted data packet from the frame count value is excessive over the maximum limit, it will seek to the beginning of the first address in the memory buffer. Meanwhile, the data packet, which has been counted, will be cleared. If the counted data packet does not reach up to 6600, it will return to the sampling condition for rechecking.
In case, the sampling condition is off-operation, it will change the content of the data frame, write it to the memory buffer and return to the sampling condition to be rechecked. The procedures with the two sampling conditions mentioned above are done repeatedly over and over.
To calculate the floating point voltages from the A/D sample, it can be done by:
Where: V = the floating point voltage; X = the 12-bits raw data from an A/D sample; n = is each A/D channel number which varies from 0 to 5 and Offset = the zero crossing voltage offset.
Fault detection process
The fault detection process of the proposed power quality monitoring system is illustrated in Figure 6 .
The LCP2368 communicates to the ADE7758 using SPI protocol to set SAGA, SAGB, SAGC and PKV bits of the interrupt mask register in ADE7758, initialize the fault variables and read the RSTATUS register of the ADE7758. If SAGA, SAGB, SAGC or PKV bits are set that mean the fault signal(s) has occurred in power lines.
Power quality monitoring process
The power quality monitoring process is supposed to do the sampling process, read the configuration, then write data to the memory card, and send both monitoring data and fault files via network. The flowchart of the power quality monitoring process is shown in Figure 7 .
To run the flowchart chronically, it must initialize the network chip on LPC2368 microcontroller board, the memory card, a real-time clock, TFTP server, the RTOS tasks that are modified as in Yingkayun and Premrudeepreechacharn (2008) and ADE7758 gets ready for operating its functions.
Next, LPC2368 microcontroller sends a control signal to ADUC7024 microcontroller board in order to start doing the sampling process automatically.
It reads the voltage and frequency data from ADE7758. In case, there is no any fault signals, which are read by LPC2368 microcontroller, the display information of the following values: the data of voltage; frequency; date; time; status and so on, will be sent via network to PC or laptop when it is connected. The LPC2368 microcontroller will take turn to operate its function repeatedly from the start once more. But if ADE7758 detects the fault signals, it will send the fault signal to LPC2368 microcontroller which stops the sampling process, then, reads the fault data from the memory buffer and writes the fault data in the memory card for storing. The fault data will be sent to PC or laptop via network when it is connected. LPC2368 microcontroller will start doing the process once more after receiving the next fault signals.
Data frame
The data frame, sending to the memory buffer, is defined with the head byte, the samples of the 3-phase voltages and currents with 12-bits A/D resolution and the tail byte. The data frame content is shown in Figure 8 .
The example of data frame structure is in C structure format is shown: struct adc_info { /* Frame structure */ unsigned char head; /* defined as 0x00 when sampling ON and 0x55 when sampling OFF */ unsigned int samples[6];/* 12 bits Analog to Digital Signal from AC lines */ unsigned char tail; /* defined as 0xAA */ };
Configuration data
To initialize the power quality monitoring system hardware, board configuration file stored on the memory The advantage of using the configuration file from the memory card is convenient to apply by setting its contents when more power quality monitoring boards are applied.
Ethernet packet stream structure
To define the Ethernet packet stream structure sending over the Ethernet network, it consist of fault data and electrical measurement information, which is in the place of the TCP packet and will be packed to the UDP packets, then it is transmitted to PC or laptop. The LPC2368 microcontroller board uses UDP protocol packet to transmit data to a remote computer. UDP protocol is one of protocols in the TCP/IP protocol suite that is used in the place of TCP when a reliable delivery is not required. There is less processing of UDP packets than the one of TCP. The UDP packet which is in Ethernet frame is shown in Figure 9 . The structures of the Ethernet stream can be illustrated in embedded C programming language as follows: struct UDP_Header udp; struct display_info dp; char ZeroByte; };
APPLICATION SOFTWARE
Application software is developed and written in Delphi 7 in order to control and to receive informational data from power quality monitoring system hardware and to save the data to PC or laptop. Actually, this application gets the display information from the monitoring hardware and then displays on the PC or laptop screen via the Ethernet network. The application can set date and time and can also receive the disturbance data from the referred hardware by using TFTP command via the Ethernet network. The normal state and the uncommon one of the power lines are displayed by application software on PC or laptop shown in Figure 10 and Figure 11 respectively.
In this paper, the researchers have developed the application software for displaying the fault signal which is sent from the monitoring hardware to PC or laptop in order to illustrate the disturbance data. This developed application software can either save in picture file or print it out to analyze the feasible consideration. The developed application software is shown in Figure 12 .
RESULTS
In order to get the information from the power quality monitoring hardware, application software is installed to PC or laptop for displaying and plotting the waveform. The application software connects to the monitoring hardware via the Ethernet network. It both gets the display information and saves the disturbance data to PC or laptop. It also shows the disturbance waveforms on the PC or laptop screen. When the connection procedures have been already established between the monitoring hardware and the computer in consequence, the user can monitor the voltage, the frequency and the disturbance signals in power lines on the PC or laptop screen from the remote site. Additionally, the user can also open the data file which is saved in the computer whenever needed. For more advantage, the communication of the power quality monitoring hardware and PC or laptop is not only limited with the only one hardware but also connected to other hardware by executing more developed application programs. The examples of the experimental result, that the data file is saved in the form of bitmap file (BMP format) by the application program of Figure 12 , is illustrated in Figure  13 . Figure 13 (a) is the waveform of sags for all 3 phases. The experimental results given in Figure 13 to show the detail characteristics of the fault signals in each phase. Another experiment of this research is applied to detect the fault on a single phase system. Figure 15 is an example of sag on phase A for a short period of time.
DISCUSSION
From the results, it is found that power quality monitoring system based on the embedded microcontroller can indicate the power quality problems such as sags and swells whose aspect is considered with not only low in cost, uncomplicated to install the system or easy to operate the system, but also helpful to identify power quality problems effectively in order to minimize losses in the usage of the equipment and to increase plant productivity. Since this proposed system has been studied and done on the research as shown in the experimental part, comparing with other monitoring systems which require more technical and more complicated instruments or devices that can be difficult to operate and use. Certainly, they are definitely more expensive and there are few manufacturers offering such instruments which comply with all high cost specification. Moreover, for troubleshooting the type of disturbance and the location of its source, where the high accuracy is less important, this proposed system is adequate and suitable to operate according to EN50160 standards.
However, this research has also presented the network featuring with the embedded system on power quality monitoring. On every account of the storage fault data in SD-CARD, the instrument users can apply it as a tool either to correct or to improve or to prevent or to protect the new equipment installation. That is to make the machine or equipment last long and to make the maintenance cheaper. Additionally, the fault data will be kept in record for downloading later on will be recalled for further usage of any time in the future which can save time and expense in finding the disturbance that has occurred before.
Conclusions
This paper has proposed the power quality monitoring system based on the embedded system with network monitoring to monitor the power quality if there is any disturbance in the power line. This developed monitoring system has operated with the embedded system that is able to communicate via the Ethernet network. The advantages of the proposed system are not only low in cost and easy to monitor one or more sites with one PC or Laptop by setting the configurations file on the memory card (SD-CARD or SDHC-CARD (4 GB)), but also can help to identify power quality problem and minimize losses in the production process and increase plant productivity.
However, the disturbance data is saved into the memory card. The developed application software can be able to download the disturbance data by using the TFTP command to the TFTP server that is embedded in the monitoring hardware. In addition, it is also able to display the disturbance waveform on PC or laptop at real time. The user can store the disturbance waveform in the form of bitmap file format (.bmp) and can print out to analyze later.
In conclusion, the proposed system has tried to illustrate that the monitoring is an essential component of the care process for the work operation because a better power quality will increase the quality of the end product. 
